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PULSES TO ORDER 


The Type 1395-A Modular Pulse 
Generator is a pulse kit of almost 
infinite possibilities. With it one can 
construct, to suit his requirements or 
his fancy, a practically infinite number 
of pulse shapes and combinations. As 
shown in Figure 1, the generator con¬ 
sists of a number of basic modules and 
a frame to hold them. The photograph 
shows only one of 38,400 combinations 
that can Ik* assembled from currently 
available modules. 

Of course, some selection must be 
made among these capabilities; the 
Modular Pulse Generator will not do 
everything at once. So the next matter 
to consider is what modules are avail¬ 
able, what functions they perform, and 
how they can be combined for maxi¬ 
mum usefulness. 

The Type 1395-A Modular Pulse 
Generator produces any or all of the 
billowing signals: 

l ' conventional rectangular pulses 

■ pulse bursts 

■ doublet pulses 

a pulses with pedestals 


* ascending and descending staircases 

■ triangles 

ra trapezoids 

© peculiar pulses 

* single' pulses 

■ binary patterns or words from 2 to 
112 bits long 

In addition, it 

■ locks on higher frequencies up to 
ratios of about 15:1 

■ scales in true digital fashion by 
any quantity that can lie formed as 
the product of up to 7 numbers be¬ 
tween 2 and 16 

■ generates time delays 

■ operates at pulse repetition frequen¬ 
cies as low as 2.5 c/s and up to 1.5 
Mr/s internally; down to dc and up 
to 2 Me/s with external drive 

■ allows noise or sine waves to be 
added to pulses 

ft gives independent control over ampli¬ 
tudes, durations, and delays in all 
parts of complex pulses 

■ amplifies the pulses it produces 
(up to 400 mA in 50 ohms) 

j gives both positive and negative 
pola ri ties si m u 1 tan eo iisl y 


One of the first commercial pulse generators was the General Radio Type 
869-A, 1 designed and built originally for defense research projects in World 
War II. Square-wave generators, among them the GR Type 769-A, had been 
available for some years and were widely used for transient response measure¬ 
ments. 2 For design and test of pulsed equipment such as radar, television, and 
pulse-modulated communication systems, however, test signals of variable duty- 
cycle and fast rise and fall times were needed. The Type 869-A filled the bill 
in the early days. It was followed by the Type 1391-A Pulse, Sweep, and Time- 
Delay Generator and the Type 1217 Unit Pulse Generator, of which the current 
Type 1217-C is the latest design. The new Type 1395 A Modular Pulse Generator 
goes several steps further and allows the user to build pulses of practically any 
shape that he wishes. 

1 H. H. Scott and C. A. Cady/The General Radio Pulie Generator/ Genero/ Radio Experiments, January-Februory 1945 

2 L. B. Arguimbau, "Network Testing with Square Wovei," General Radio Experimenter, Decemher 1 939,-"'Traniient Re- 
tponte of a Broadtail System/" Ibid. April 1940. 
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til 



f\ = 2 /j% do= 14 fit, more or less. 

d s — 4 n% lj=2 jit, more or lest. 

h = 2fjt 7=100 m* 

Figure 7. A design objective 

AVAILABLE MODULES 

An initial complement of six modules 
is offered for this instrument. 

Type 1395-PI PRF Unit. A master 
clock, generating pulses for synchroniz¬ 
ing and triggering other plug-ins. It 
also provides gating and locking func¬ 
tions and accepts external drive signals, 
buffering them to other modules. 

Type 1395-P2 Pulse/Delay Unit. Gen¬ 
erates rectangular pulses from 0.1 
microsecond to 1.1 seconds, choice of 
positive or negative polarity or both 
simultaneously. Generates time delays 
from 0.1 microsecond to 1.1 seconds. 

Type 1395-P3 Pulse Shaper. Gives 
independent control over the rise and 
fall times of leading and trailing edges 
of pulses. Rise and fall times can be 
varied from 0.1 microsecond to 10,000 
microseconds; the only restriction is 
that both times must be within the 
same decade range. 


Type 1395-P4 Power Amplifier. Makes 
big pulses out of little ones. Up to 
400 mA into 50-ohm load; also matches 
93- and 000-ohm loads. Offers variable 
dc baseline, variable input impedance. 
Low distortion allows its use on sine 
waves and assures faithful reproduc¬ 
tion of pulses of complicated shapes. 
Upper half-power frequency: 5 Mc/s 
with low impedance loads; 1.5 Mc/s 
with 600-ohm load. 

Type 1395-P6 Word Generator. A 
binary word generator, providing up 
to 16 bits of ones and zeros per module. 
Modules can be cascaded, so that as 
many as 112 bits are possible in a single 
main frame. Can also be used as a 
digital scaler. 

Type 1395-P7 Skeleton Frame. An 

empty module, having only the rear- 
panel power plug. You can build your 
own auxiliary circuits into this module. 

APPLICATIONS 

To demonstrate the versatility of 
this pulse generator, we have selected, 
from the almost infinite number of pos¬ 
sible applications, a few examples drawn 
from a representative assortment of 
disciplines. 

Something from the Communications Art 

Suppose that the problem arises of 
testing a communications system using 
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either pulse-duration (width) modula¬ 
tion (pdm or pwm) or pulse-position 
modulation (ppm). Such a system 
usually involves time multiplexing, and 
so a synchronizing pulse is required. We 
assume this to be a doublet, so the test 
signal might take the form of Figure 2. 

There are three pulse durations to 
be set up and two delay intervals, indi¬ 
cated by t x , i 2 , fa, and d 2 , respectively. 
Thus, five Pulse/Delay Units are re¬ 
quired. One master clock, a PRF Unit, 
generates the 10-ke repetition frequency 
corresponding to the period of 100 
microseconds. 

The necessary connection of modules 
is illustrated in Figure 3. Six units 
are required altogether. The right-hand 
space is covered with a blank panel. 
Four such panels are furnished with 
each instrument, on the assumption 
that at least three plug-ins will always 
be used. Figure 4 shows an oscillogram 
of the pulses actually generated. 

In Figure 2, several times were given 
as “ more-or-less.” These are the times 
that would be varied during the simula¬ 
tion of ppm or pdm. However, any 
of the three pulses can be varied in 
amplitude and duration, and even 
reversed in polarity! Both of the time 
delays are completely adjustable. 



Figure 4. (a) The waveform sketched in Figure 2. 
Scale: Vertical, 0.5 volt per major division; 
horizontal, 10 microseconds per major division, 
(b) Enlargement of the left-hand area of Figure 
4(a). Scale: Vertical, 0.5 volt per major division; 
horizontal, 2 microseconds per major division. 


An Application from the Encoder Art 

Let us consider the case of testing 
an analog-to-digital converter. Several 
rapidly cycling levels are required to 
verify that the encoder is operating 
both quickly and correctly. A stair¬ 
case waveform is recommended for this 
application. Figure 5 shows how to get 
it. 

Here one master clock drives six 
Pulse/Delay Units. Each of these has 
an output lasting at least 1 micro¬ 
second. Therefore, for 1 microsecond, 
the sum of all the contributions at the 
adder terminal is 6 units. After 1 
microsecond, the first Pulse/Delav ITnit 
output ends, leaving ,5 units of ampli- 


Figure 5. Generating 
negative ctaircase. 
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Figure 6. A staircase designed to test an analog- 
to-digital converter. Scale: Vertical, each step in 
the staircase is 0.7S volt; horizontal, 2 micro¬ 
seconds per major division. 

tude for another microsecond. The 
process continues until after 0 micro¬ 
seconds the waveform is hack at the* 
hast dine. The resulting staircase is 
shown in f igure 9. The dc voltage is 
adjustable by a front-panel control 
marked pulse dc component, a most 
useful feature. In Figure 9, this control 
has l>een set to place 0 volts dc at the 
center of the oscilloscope graticule. 
Therefore, there are three positive 
voltages, ground, and three negative 
levels available to test the encoder. The 
entire pattern repeats at a rate of 
l(X) kc/s. 

An Unusual Quality-Control Application 

A pre-production model of the Type 
1395-A Modular Pulse Generator has 
been in use at General Radio Company 
for several months, testing the re¬ 
versible counters used in our Type 
1980-A Automatic Capacitance Bridge 


Assembly. The problem here is to bo ^ 
sure the counters count correctly both 
forward and backwards. The technique 
is to apply 17 pulses, then rest for 
about one-half second to let the inspec¬ 
tor read the number stored in the 
counter. After the first 9 pulses, a 
reverse command is applied to the 
counters. The net result is that they 
count forward nine times, backward 
eight times, and therefore the number 
shown is just one digit larger each time 
the count is interrupted for display. 

This is an interesting problem be¬ 
cause it demonstrates several properties 
of the modules not shown in the 
previous examples. These are the lark- 
ing and gating functions. In order to 
keep all action coherent in time, one 
PRF Unit is used as a system master 
clock, running continuously at I kc/s. 
This triggers the external drive ter- ^ 
minal of a Pulse/Delay Cnit, fourth 
from left in f igure 7. It also drives the 
locking terminal of the PRF Unit in 
theseeond-from-left position. This PRF 
Cnit locks at 1/loth the original fre¬ 
quency, or about 97 c/s. Its output 
drives still a third PRF Unit locking 
input. The third PRF Unit locks at 
about I /25th of the 97 c/s, or approxi¬ 
mately 2.7 c/s. The exact value of this 
lowest frequency doesn’t matter, as 



Figure 7. The Modular 
Pulse Generator testing 
reversible counters. 


TO COUNTER 
INPUT 
TERMINAL 


TO COUNTER 
FORWARD- 
REVERSE 

TERMINAL ^ 


6 



IET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11 590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 








MAY I 96 5 




Figure 0. A tost pattern for checking reversible 
counters. The burst of 17 pulses is interpreted as 
nine forward counts and eight reverse counts. 
The forward-reverse command is given by the 
step in the bottom half of the picture. Scale: 
Vertical, none (waveforms placed on scope to 
give best display of principle involved); horizon¬ 
tal, 2 milliseconds per major division. 

long jin the operator has time enough to 
read the number appearing on the 
counter. 

The 2.7-cycle PRF Unit triggers two 
Pulse/Delay Units. One generates a 
pulse 17 milliseconds long; the second 
gives a 9-millisecond pulse. The 17- 
millisccond pulse controls the gate of 
the same PRF Unit that receives the 
l-kc external drive from the master 
clock. Note that, even though the 
operating frequency has been dropped 
to 2.7 c/s, everything is tied to the 
muster There is no possibility of the 
gate closing in time to cause a “half 
pulse” and give an ambiguous result. 
Exactly 17 pulses come out. These* trig¬ 
ger another Pulse/Delay Unit (tith from 
left), which generates pulses of the 
proper duration and amplitude to 
operate the counter being tested. 

At the same time the 17 pulses start, 
the last unit on the right generates a 
pulse 9 milliseconds long. This tolls the 
counters to count forward. Nine counts 
are added in. followed by 8 subtracted 
back out. The net result is the -f I 
count we were seeking. And this occurs 
slowly enough (2.7 times per second) 
to allow the inspector to see that the 
^ counters are operating properly. The 
pulses generated for this test are shown 
in Figure 8. 


A Problem in Signal Detection 

One truly handy feature of the Type 
1395-A Modular Pulse Generator is the 
provision for external access to the 
adder circuits. These adders are nor¬ 
mally used for combining pulses of 
different durations and amplitudes in 
order to produce pulses of complicated 
form. But noise, sine waves, or other 
signals can 1 h* injected as well. 

Suppose that a pulse signal similar to 
that shown in Figure 9b is expected but 
must be detected in the presence of 
noise. The pulse as actually received is 
shown in Figure 9a. We want to 
simulate this signal in order to adjust 
our detector circuits for optimum re¬ 
sponse. Obviously the first step is to 
generate a “clean” pattern. Then the 
noise is added to it. 

Figure 10 gives the configuration for 
producing the desired results. A PRF 
Unit, as always, acts as a master clock. 
The first Pulse/Delay Unit generates 
a negative-going pulse 300 microseconds 
in duration This is connected to the 
adder. The second Pulse/Delay Unit 
serves as delay only. This starts a 100- 
microsecond time interval at the same 



Figure 9. (o) A noisy pulse train, taken with single 
sweep on the oscilloscope, (b) The same signal 
without noise. Scale: Vertical, 0.5 volt per mojor 
division; horizontal, 0.2 millisecond per major 
division. 
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TYPE 1390-B 
RANDOM-NOISE 
GENERATOR 


TO ADDER INPUT ON 
REAR PANEL 


Figure 10. The genera¬ 
tion of a noisy pulse 
train. 


moment that the 300-microsecond pulse 
begins. After the 100-microsecond inter¬ 
val, the third Pulse/Delay Unit is 
triggered by the delayed output syn¬ 
chronizing signal. The third unit gives 
an output of 1(X) microseconds, which 
is switched to the same adder. Finally, 
a General Radio Type 1390-B Ran¬ 
dom-Noise Generator produces the 
noise to give the “dirty” signal of 
Figure 9a. 

Will the Flip-Flop Work? 

Some pulses are so called only as a 
matter of courtesy. In a world limited 
to finite rise times, there may be some 
question about just when a pulse is a 
pulse. A number of circuits such as 
gates, Hip-flops, and other logic ele¬ 
ments may change their behavior from 
go to no-go as their input signals be¬ 
come degraded. The effects of deteri¬ 
orating rise and fall times are easily 
evaluated with the Type 1395-A Modu¬ 
lar Pulse Generator, fitted out with the 
Type 1395-P3 Pulse Shaper. 

The Pulse Shaper is basically a maker 
of slanting edges. It starts a leading 
edge upon receiving one input trigger 


and starts the trailing edge when the 
next trigger comes along. Both leading 
and trailing edges are linear, rather 
than exponential. Both can be varied 
independently in duration within the 
same decade range. For example, the ^ 
leading edge could rise in 17 micro¬ 
seconds and the trailing edge fall in 84, 
but 17 and 112 microseconds is not a 
possible combination. Trapezoids are 
readily made, and triangles are formed 
when the start of the trailing edge is 
moved up to the end of the leading 
edge. 

Figure 11 illustrates the Type 1395-A 
Modular Pulse Generator connected to 
test the effect of rise time on a circuit. 

The objective is a pulse with a rise 
time of 1(H) nanoseconds, a fall time of 

1 (XX) nanoseconds, and a flat top lasting 

2 microseconds. The pulse repetition 
frequency is set at 100 kc./s by the 
PRF Unit. (It should be noted that, the 
Pulse Shaper draws a good deal more 
current than most of the other modules. 

To prevent connection of enough 
shapers to overload the power supplies, ^ 
the shapers are keyed to fit only the 
three extreme righUhand positions.) 


8 
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An example of the output is shown in 
Figure 12. Here we see that the objec¬ 
tives in the preceding paragraph are 
indeed met. This oscillogram was taken 
under open-circuit conditions. The am¬ 
plitude would l>e less under load, since 
the shaper output is basically from a 
current source. The Pulse Shaper may 
be connected to the adders; examples of 
what this may lead to are given later. 

An Application to Component Testing 

Small iron-core inductors, especially 
those wound on lossy material, are 
difficult to measure. Measurements 
made on a low-frequency bridge are 
plagued by a very small Q , because u>/. 
is low. With a high-frequency bridge, 
losses are high, and so Q is again low. 

But consider the equation for the 
voltage across an inductor: 

« * /<* "r + iR (1) 

at 

If di/dt has a constant value, and the 
value of e across the coil may be 
measured, then L is readily found as 

/.=<•- (Rat 0) (2) 

At 

where A rather than d notation is chosen 
for reasons that will be apparent. 

The assumption of a constant di/dt 
is met well if a Type 1395-P3 Pulse 


Shaper drives a smooth ramp of voltage 
into a high resistance. Suppose we try 
to set up a convenient scale say 1 
millivolt developed across the inductor 
corresponds to 10 microhenrys in¬ 
ductance. 

Lot /. in Kquation (2) be 10' 6 and e be 
10‘* volts. Solving for St/Si gives 
10' 2 . Picking a reasonable but arbitrary 
number for either quantity, sup¬ 
pose we make St = 5 microseconds. 
Then A/ = 5 X lO^/lO” 2 * 5 X UP, or 
0.5 milliamperes. Then, if we had a cur¬ 
rent waveform that changed from 0 to 
0.5 mA in 5 microseconds and im¬ 
pressed that current on the inductor, 
we would develop 1 millivolt for every 
10 microhenrys. This current is easily 
achieved if the Pulse Shaper generates 
a 10-volt amplitude ramp in 5 micro¬ 
seconds and a 20,000-ohm precision 
resistor is connected between the shaper 
and the inductor, as shown in Figure 13. 



Figure 12. A pulse formed by the Type 1393-P3 
Pulte Shaper. The rite time it 100 nanotecondt; 
the fall time It 1000 nanotecondt. Scale: Vertical, 
about 6 voltt per major dlvition; horisontal, 
1 mlcrotecond per major dlvition. 
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Figure 13. A calibrated tetter for the inductance 
of small iron-core coils. 

The actual interconnection of modules 
would be as in Figure 11, but with 
different settings of the knobs, of 
course. 

Figure 14 shows the step of voltage 
applied to the 20,000-ohm resistor. 
This does indeed rise from 0 to 10 volts 
in 5 microseconds. The voltage across 
a sample inductor is illustrated in 
Figure 15. The transients at the leading 
edge are associated with stray capa¬ 
citance and inductance and soon die 
out. From then on, the voltage remains 
quite steady for o microseconds anti 
then drops to zero as the ramp ends and 
fli/(U changes from a constant to 0. 
(Actually, there is a current flowing, 
even though Hi/Hi is 0, and hence the 
iR drop in the inductor gives a small 
remaining voltage). The value of the 
inductor can be read right off the 
scope graticule. It is seen to be 830 
micro henry 8. 

And Something for the Data-Processing Field 

Data-processing, data-transmitting. 
and data-interpreting circuits and sys- 



Figure M. Voltage applied by the Type 1395-P3 
Pulse Shaper to drive the inductance testing 
assembly. Scale: Vertical, 5 volts per major 
division; horizontal, 1 microsecond per major 
division. • 


terns all require inputs for test purposes. 
Except for a little decade notation at * 
the human-machine interface, binary 
is the rule. To those working with bits, 
we offer the Type 1395-Pd Word 
Generator. 

As the name suggests, the Word 
Generator is designed to produce se¬ 
quences of Is and 0’s. The built-in 
capacity is lb bits. This may be 
shortened to 14 bits by means of a rear- 
panel switch. If one lb-bit unit is 
cascaded with one 14-bit unit, 30 bits 
are made available. Thus, just two 
Word Generators can provide any 
number of word lengths based on 32, 
30, or 28. For example, four 7-bit 
words or six 5-bit words could be had. 
For those who prefer one-word-per- 
module of the bit length they please, 
any bit capacity from 2 to 16 can Ik 1 
had through changes in an internal 
plug-in patch wire. Any number of 
modules up to 7 can be cascaded, giving 
a maximum bit capacity in a Type 
1395-A Main Frame of lb X 7 = 112. 

Another use for the Word Generator 
is as a digital scaler. For example, a 
Word Generator connected for 11-bit 
capacity will give one output for eleven 
inputs when just one bit switch is 
turned on. Larger ratios are achieved 
when we let one Word Generator drive 
another. The scaler of II, for example. 



Figure 15. Voltage across an inductor tested by 
the arrangement in Figure 13. Scale: Vertical, 50 m 
millivolts per major division; horizontal, 1 micro¬ 
second per major division. One millivolt represents 
10 microhenrys inductance. 
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b. 

Figure 16. Patterns produced by the Type 1395-P6 
Word Generator driving a Type 1395-P2 Pulse/ 
Delay Unit. Positive pulses into 50-ohm loads, 
3.5-microsecond duration, 100-kc bit rate, and 
6.25-kc word rate. 

(a) 16-bit word 1111000001100101 

(b) 16-bit word 1101010001111101 

could drive a second Word Generator 
connected for 14 bits, and the two to¬ 
gether scale by a ratio of 11 X 14 = 154. 

Figures Iba and b show two sample 
patterns set on Word Generators. Both 
use the Hi-bit capacity. The connection 
of modules is very simple: a PRF Unit 
drives the Word Generator, and its 
output drives a Pulse/Delay Unit. 

One extremely useful feature is that, 
unlike many similar devices, the Type 
1395-Ptt Word Generator is not limited 
to producing rectangular pulses. Its 
output is simply a set of trigger pulses, 
turned on or off at the front-panel 
switches. You can generate any pulse 
shapes you wish by letting these trig¬ 
gers drive other Type 1395 modules. An 



Figure 17. A 14-bit word ol “top hat” pulses 
generated by a PRF Unit, a Word Generator, and 
three Pulse/Delay Units. Bit rote 10-kc, word rote 
about 714 words per second. Pattern Is 
11111100001100. 



example is given in Figure 17, where a 
Word Generator connected for 14-bit 
capacity triggers other modules to 
generate a binary pattern of “top hat” 
pulses. 

Is There an Application for This Pulse? 

A device as versatile as the Type 
1395-A Modular Pulse Generator will 
allow’ the creation of some weird wave¬ 
forms indeed. Just as an example of 
what can la* done, we point to Figure 
18. This can only be described as a 
witch’s hat sitting on a dented pedestal. 
It is produced by a combination of 
Pulse/Delay Units and a Pulse Shaper, 
all connected together via the built-in 
adder circuits. We have no idea w’hat 
it might be used for. 

DESIGN HIGHUGHTS OF THE 
MODULAR PULSE GENERATOR 

Karlier in this article, the per¬ 
formance of the General Radio Type 



Figure 18. An example of the extraordinary 
pulse shapes that can be produced by the Type 
139S-A Modular Pulse Generator. Scale: Vertical, 
all 0.5 volt per major division; horizontal: top, 
50 microseconds per major division; center, 100 
microseconds; bottom, 1 millisecond. 
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Figure 19. One o! the adder circuit*. 


1217-C 1 was mentioned as a starting- 
point for the Type 1395- A Modular 
Pulse Generator. To those familiar with 
the Type 1217 in either its B or C 
versions, it will be interesting to note 
that the Type 1395-PI PRF Unit and 
the Type I395-P2 Pulse/Delay Unit 
together equal (approximately) one 
Type 1217-C Unit Pulse Generator. 

The Type 1395-A Modular Pulse 
Generator contains u common power 
supply for operating as many as seven 
units. Some modules, such as the Pulse 
Shaper and the Power Amplifier, con¬ 
sume a considerable amount of current. 
Therefore, the output of the Pulse/ 
Delay modules is limited to 20 mA to 
ensure then* is enough power supply 
capability to operate any “mix'* of 
modules that may be chosen. 

We shall now look at some of the 
features and principles of operation 


1 R. W. Prank, '* Improved Performance from the Unit 
Pul** Cenenitor,” (trnernl Radio Exprritnmlrr, l>*- 
cemtier ltMM. 


of the various Modular Pulse Generator 
units in more detail. 

The Adder System 

A sketch, considerably simplified, 
of one adder is shown in Figure 19. 
Each module that can be connected to 
the adders is fitted out with a switch. 
This allows both the positive- and nega¬ 
tive-polarity output pulses to be con¬ 
nected to either of the two adder busses. 
Another position allows the positive 
polarity to be connected to adder no I 
and the negative polarity to adder 
no 2. The actual output terminals are 
the source of the signals to the adders. 
Resistors of l(KM) ohms are provided for 
buffering. 

Resistive adders of this type an* 
about the most trouble-free and wide¬ 
band adders that can 1 h* had. However, 
they do cost in terms of amplitude. 
The output signal from the adders will 
be appreciably less (more than 20 dB 
less) than the output directly from 


Figure 20. Block diagram of the 
Type 1395-PI PRF Unit. 



TRIGGER 

PUL5ES0UT 
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the grid of V103B more positive than 
about — 1.5 volts will cause the produc¬ 
tion of pulses to cease. The lock 
signal terminal requires about 10 
volts, peak. (i.e., pulses 10 volts in 
amplitude or sine waves of 7+ volts, 
rms) to start YtQ3A into conduction. 
Once 1 103A does conduct, it raises the 
potential on timing capacitor (' and 
causes the grid of Schmitt trigger tube 
YlOtA to rise in potential. If the 
Schmitt circuit was about to tire any¬ 
way, the voltage rise transmitted 
through C will make it fin* at once, 
and thus the Schmitt trigger locks in 
with the external synchronizing signal. 

Capacitor C is simply a representa¬ 
tion of any of ten different capacitors 
that are switched into the circuit as 
the frequency range is varied. Within 
any range, vernier frequency control 
is achieved by adjustment of R103. The 
time constant (BI02 + RtOS) C is the 
chief determiner of the operating fre¬ 
quency. 

+150 v 



Figure 21. The chief circuit* in the PRF module. 


an individual module. The Type 
** 1395-P4 Power Amplifier is recom¬ 

mended for bringing the signal level 
from an adder bus up to a higher level. 

The Type 1395-PI PRF Unit 

A block diagram of the PRF module 
is shown in Figure 20. In the EXT 
dhivk position, signals from the input 
amplifier trigger the Schmitt circuit. 
In the internal positions, the Schmitt 
circuit becomes a free-running oscilla¬ 
tor. In either case, the grid can l>e 
clamped by the cate circuit to stop 
operation. The lock signal injects 
synchronizing signals into the Schmitt 
circuit to tie its operating frequency 
to that of an external source, usually 
for frequency-dividing purposes. 

More details of the circuit opera¬ 
tion can be seen in Figure 21. Note 
that the gate in and lock signal tubes 
(Y103B and YI08A, respectively) are 
normally biased below cutoff. On the 
gate in terminal, a signal that moves 
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variable OC 
0-20 V 



Figure 22. Block diagram ol 
the Type 1395-P2 Pulte/ 
Delay Unit. 


The Type I 395-P2 Pulse/Delay Unit 

Figure 22 is a Mock diagram of the 
Pulse/Delay Unit. The sync in pulse 
from a PRF Unit 'sets’' a set-reset 
Hip-Hop. The act of setting it turns on 
one output tube and turns off the 
other. In this way, both the negative 
and positive pulses are generated. At 
the same time, a clamp is released from 
the Schmitt circuit. This permits the 
/{(.' network to start charging to a volt¬ 
age level that will trigger the Schmitt 
circuit. The releasing of the clamp also 
deposits a controlled amount of initial 
charge* into capacitor C. The more 
charge, the sooner the added charge 
entering through resistor H will develop 
enough voltage to fire* the Schmitt. 
Therefore, the pre-charge controls the 
pulse duration within the range selected 
hv the value of capacitor f. 

As soon as the Schmitt circuit trig¬ 
gers, it generates a delayed sync 
output pulse. This is available at the 
front panel for any purposes requiring 
time delay (see, for example. Figures 
2 and 3). Simultaneously, a reset pulse 
is generated to return the Hip-Hop 
to its original state, and the pulse- 
generating sequence ends. 

It is seen in Figure 22 that the output 


tubes obtain their power from a variable 
de supply. This is built into the Type 
1395-A Modular Pulse Generator and 
adjusted from the front panel with a 
knob marked pulse nr component. 
The setting of this knot) allows the out¬ 
put pulse to Ik* placed anywhere relative 
to ground, from entirely below ground 
to entirely alK»ve. 

The Type 1 395-P3 Pulse Shaper 

The Pulse Shaper generates leading 
and trailing edges of straight-line form 
rather than exponential. This result 
is achieved by the charge* and discharge 
of a capacitor through constant-current 
sources. These sources take the form of 
grounded-base silicon transistors, which 
receive their emitter currents from 
large, although variable, resistors con¬ 
nected to the -f-l50- and —150-volt 
power supplies in the* main frame. 

A circuit diagram of the pulse-shap¬ 
ing portion of the device is shown in 
Figure 23. The input stage is a sot-reset 
Hip-Hop. A trigger pulse* applied to 
INPUT 1 starts the leading edges, and a 
trigger applied to input 2 starts the 
trailing edge. If there is no signal at 
input 2, the Hip-Hop operates in a 
complementing mode, giving symmetri- 
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Figure 23. The pulse-shaping circuits of the Type 1395-P3 Pulse Shaper. 


rail operation in the sense of equal time 
intervals between the start of leading 
and trailing edges. 

The state of the Hip-Hop commands 
either QSOS or QS04 to conduct. QSOS 
charges whichever capacitor is selected 
by the range switch, and QS04 dis¬ 
charges it. Diodes f RS0.9 , CR310, 

('RSI I, ( RSIS, CR304 , CR305 , and 
CR306 act as various clamps or refer¬ 
ence voltages to limit voltage swings 
and to protect the transistors. Re¬ 
sistors R312A, R312B, and RSIS deter¬ 
mine the emitter currents in QSOS and 
QSO 't and thereby act as vernier controls 
on the rise and fall times of the pulse 
edges. 

The output stage is not shown, since 
it does not differ significantly in end 
results from that of the Pulse/Delay 
Unit. However, in order to achieve 


linear operation, it is designed as a 
long-tailed pair with a constant-current 
source in the common cathode lead. 

Just how straight the leading and 
trailing edges are is a fair question. We 
are prepared to answer. Most of the 
engineers who read this article will 
recall their freshman mechanical-draw¬ 
ing class and how they were told to 
check a straight-edge for straightness. 



Figure 24. A demonstration of the linearity of the 
edges in the Type 1395-P3 Pulse Shaper. Scale: 
Vertical, about 4 volts per major division; horizon¬ 
tal, 3 microseconds per major division. 
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Draw a line, turn the straight-edge 
over, and see how close another line will 
fall on top of the first one. We have 
done this in Figure 24. A dual-trace 
oscilloscope was connected with the 
“A” channel on the positive output 
terminal of the Pulse Shaper. The “B” 
channel was switched to invert its dis¬ 
play and connected to the negative 
output terminal of the Pulse Shaper. 
This results in two positive-going 
trapezoidal pulses being displayed on 
alternate channels. They may differ 
slightly in amplitude because the out¬ 
put potentiometers in the two Pulse 
Shaper channels are not identical. Since 
linearity rather than amplitude is 
undergoing scrutiny, we felt it would 
not be cheating to make the display 
heights equal on the cro screen. The 
two traces were then superimposed as 
nearly as possible, with the result 
shown in Figure 24. Remember this 
figure show's departures from linearity 
not only in the Pulse Shaper but in the 
cro circuits as well. We are almost 
embarrassed to print this photograph 
- it looks like a fraud, but it isn’t. 

The Type 1 395-P4 Power Amplifier 

We have not said much about this 
amplifier heretofore. An amplifier just 
isn’t as exciting as some of the pulse 
circuits. Nevertheless, it is worthwhile 
to point out its main features. 

Three output impedances are avail¬ 
able: 50 ohms, 93 ohms, and tUK) ohms. 
These impedances allow matching to 
most of the common transmission lines 
encountered in pulse and telephone 
practice. Likewise, the input impedance 
is variable from 50 ohms to 1050 ohms 
permitting the Power Amplifier to 
terminate transmission lines on the 
receiving end as well as the sending. 


The Pow T er Amplifier has been de¬ 
signed as a linear amplifier. This is true 
even though it will deal with pulses 
most of the time. Unlike the pulse 
amplifiers that are really high-powered 
switches, an amplifier that reproduces 
pulses of complex shape must be ** hi-fi” 
in good measure. A photograph similar 
to that of Figure 24 was taken in the 
course of work on this article, but the 
waveforms showing the input and out¬ 
put from the Pow'er Amplifier so nearly 
coincided that the difference would 
have vanished in the course of preparing 
the engravings for printing. It must be 
confessed that, seen on the oscilloscope, 
the two traces diverged in the center by 
about the width of the trace on the 
cathode-ray tube phosphor. 

The Pow'er Amplifier employs a 
unique protective circuit. A small lamp 
bulb, of the type usually used in pilot 
lights, is in series with the + 150-volt 
lead, and a second lamp in series w'ith 
the —150-volt lead. Both of these are 
mounted in a light-tight plastic can, 
together with a photoresistor. The 
photoresistor is in a voltage divider 
arrangement connected to the grid of a 
tube that controls an overload relay. 
If either the +150 or —150 supply tries 
to draw' excessive current, its lamp 
glow's and changes the resistance of the 
photoresistor. This alters the grid bias, 
and the tube switches the relay, turning 
off the pow'er to the amplifier. 

The Power Amplifier is not direct- 
coupled and will not retain the dc 
level of the input signal. However, a 
dc component control makes it pos¬ 
sible to shift the dc level of output 
pulses from at least —1.5 volts to at 
least +1.5 volts w'ith a 50-ohm load, 
and more with loads of higher im¬ 
pedance. 
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Figure 25. Block diagram of the Word Generator module. 


The Type 1 395-P6 Word Generator 

A block diagram of the Word Gen¬ 
erator is given in Figure 25. The Word 
Generator may be visualized as a 
commutator sweeping around to a 
number of contact points, usually either 
14 or 16. After it comes to rest at each 
point, a pulse is applied to the commu¬ 
tator. If the switch between the contact 
point and the gate (Q103-QI04) is 
closed, the pulse goes to the output 
stages (Q105-Q106) and appears at the 
word out terminal. The rate at which 
the commutator moves around is deter¬ 
mined by the frequency applied to the 
clock in terminal. In other words, this 
frequency is the bit rate. The word 
rate is the bit rate divided by 14, 16, 
or whatever other bit capacity may 
have been connected by the internal 
patch wire. 

Whenever the commutator comes to 
rest in the No. 1 position, a pulse is 
generated in the cro sync buffer 
(Q108). This permits an oscilloscope to 
be synchronized to the word rate rather 
than the bit rate and prevents the 
scope from locking to some pulse in the 


pattern, which would change with 
every change in the word set on the 
front panel switches. 

If greater bit capacity is desired, the 
commutator is “broken open” and 
another commutator is spliced in from 
another Word Generator. Naturally, 
this is all handled by switches and inter¬ 
connections within the Type 1395-A 
Modular Pulse Generator. Up to.seven 
units, the capacity of a complete main 
frame, can be employed, giving 112 as 
the maximum number of bits that can 
form a single word. 

WHAT COMES NEXT? 

Other modules are currently under 
development. If any of you who read 
this article feel some particular device 
would be an especially welcome addi¬ 
tion, we would appreciate hearing from 
you. 

— Gordon R. Partridge 
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SPECIFICATIONS 


MAIN FRAME 

ADDER Output Level: l) to I V or more, depending 
on number of modules used (continuously 
adjustable). 

ADDER Output Impedance: 100 W or less (100-12 
pot). 

PULSE DC COMPONENT Range: 0 to +20 V 

(continuously adjustable) 

Power Required: 105 to 125 V, 195 to 235 V, or 
210 to 250 V, 50 to 00 e/s; approximately 250 
W, depending on quantity and type of plug-ins. 
Accessories Supplied: Type CAP-22 Power Cord ; 
spare fuses; six patch cords —one each Types 
274-LMB and 274-LMR, two each Types 
274-LSB and 274-LSR; four blank cover panels; 
one 14-conductor module extension cable. 
Accessories Available: All modules ill the Type 
1305 series, Type 1217-P2 Single-Pulse Trigger. 
Mounting: Rack-bench cabinet. 

Dimensions: Bench mode! width 10, height 
9^6, depth 14 1 j inches (485 by 230 by 370 mm), 
over-all; rack model—panel 19 by 8? 4 inches 
(485 by 220 mm), depth behind panel 13$* 
inches (310 mm). 

Net Weight (without modules): Bench model, 
29 lb (13.2 kg); rack model, 27 lb (12.3 kg). 

Shipping Weight (without modules): 42 lb 

(19.5 kg). 

TYPE 1395-PI PRF UNIT 

PULSE REPETITION FREQUENCY 
Internally Generated: 2.5 c/B to 1.2 Me 8 with 
12-position switch and uncalibrated aF control. 
Externally Controlled: After adjustment for 
maximum sensitivity, sine-wave input of 0.5 V, 
rms, required for prf from de to 0.5 Me s, 
rising to 1.5 V, rms, at 2 Mc/s. Input im¬ 
pedance at 0.5 V is approx 100 kf2 shunted by 
50 pF Noil-sinusoidal signal requires a nega¬ 
tive-going step of l V. 

INPUT AND OUTPUT SIGNALS 
Sync Out Pulses: At least 10 V, positive, with 
duration between 75 and 150 ns (nominally 
100 ns); rise time approx 25 ns and output 
impedance approx 35 12. 

Lock Signal: PRF Unit operating at 1 kc s can be 
kicked to a frequency of 10 kc s by 10-V 
(Kwitive pulses with 100-ns duration or with 
a sine wave of 7 V, rms. Required positive- 
pulse amplitude increases to about 12 V to 
lock the 1 kc/s to a frequency of 2 kc ; s. 

Gate Input: A potential more positive than - 1 V 
at this terminal stofjs the generation of 
sync out pulses. 

Stability: Prf jitter is 0.05% when the PRF 
Unit is operated from the power supply in the 
Type 1395-A main frame. 

GENERAL 

Power Consumption: +150 V at 25 ITlA . — 150 V 
at 5 mA, +15 V at 5 mA; 6.3 V, 60 c/s, 1 A 


Accessories Supplied: Six patch cords — Olie 
each Types 274-LMB and 274-LMR, two each 
Types 274-LSB and 274-LSR; two insulated 
plugs, one each Types 274-DB1 and 274-DB2. 
Accessories Available: Type 1217-P2 Single- 
Pulse Trigger, other Type 1395 modules. 

Net Weight: 1 Vi lb (0.7 kg). 

Shipping Weight: 4 1 > lb (2.1 kg). 


TYPE 1395-P2 PULSE/DELAY UNIT 

Pulse and Delay Durations: 100 US to 1 S, accu¬ 
rate to ±5% of reading or ±2% of full scale, 
or ±35 ns, whichever is greater. 

Pulse Repetition Frequency: Determined by input 
sync signal — range dc to 2.4 Me. s. Input 
signals can lie randomly spaced if separated by 
at least 400 ns. 

Rise and Fall Times: less than 15 IIS with 50-12 
load On high-voltage output (20 V into 1 ki2), 
transitions are typically 80 ns + 2 ns pF of load 
capacitance. 

Output Voltage: ±20 V pulses into l-ki2 internal 
load impedance ( + 1 V into 50-12 load). 

Input Sync Requirements: Fositive-going pulse, 

10 to 20 V, with 75- to 150-ns duration. 

Delayed Output: Positive pulse of at least. 10-V 
amplitude and 75- to 150-ns duration. Output 
impedance approx 125 12. Time between sync 
in and del out pulses set by pulse duration 
control. 

Stability: Pulse-duration jitter is 0.05% when 
Pulse Delay Unit, is operated in the Type 
1395-A main frame. 

Power Consumption: +150 V at 15 mA; —150 \ 
at 30 mA; 6.3 V, 60 c/s, 0.7 A; 6.3 V, 60 c/s, 
1.3 A; +15 V at 5 mA; 0 to +20 V, variable, 
at 25 mA. 

Accessories Supplied: Five patch cords — two 
each Types 274-LSB and 274-LSR, one Type 
274-LMR; two insulated plugs, one each 
Types 274-DB1 and 27+DB2. 

Net Weight: H 4 lb (0.8 kg). 

Shipping Weight: 4 ii lb (2.2 kg). 

TYPE 1395-P3 PULSE SHAPER 

INPUT PULSES: 10 V to 20 V in amplitude and 
75 ns minimum duration. 

OUTPUT PULSES 

Duration: Time between pulses at IN I and IN 
2 plus duration of trailing edge. 

Rise and Fall Times: 100 ns to 10 ms in live 
decade ranges, ± 10% of full Beale, from the 0 
to 100% points. Rise and fall times can be 
adjusted, independently by separate controls or 
simultaneously by a single control, within the 
same decade, range. To obtain times less than a 
few hundred nanoseconds, output must be 
terminated in 50 to 100 12. 


IB 



IET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 


MAY 1965 


Linearity: A leading or trailing edge voltage e(t) 
^ making a transition of K volts in time 
T will not at any time / depart from the 

E i 

equation e = y, (0 < l < T) by more than 

0.1 E (typically better than 0.05 E). The fastest 
transitions will not yield this performance 
unless outputs are terminated in 50 to 100 it. 
Voltage: dt‘20-V pulses into l-kS2 internal load 
impedance (±1 V into 50-12 load). 

GENERAL 

Power Consumption: +150 V at 45 111 A ; — 150 V 
at. 55 mA; 0.3 V, 00 c/s ( 0.15 A, (5.3 V, (50 n s, 
0.(5 A; 0 to 4-20 V, variable, at 30 mA. 
Accessories Supplied: Five patch cords — two 
each Types 274-LSB and 274-LSR, one Type 
274-LMR; two insulated plugs, one each 
Types 274-DB1 and 274-DB2. 

Net Weight: lb (0.8 kg). 

Shipping Weight: 4«| lb (2.2 kg) 

TYPE 1395-P4 POWER AMPLIFIER 

Output Impedances: 50, 03, and 000 S2, all ±10%. 
Gains: 20, 20, and 20 dB, respectively, at the 
ubove impedances and with matched loads, 
all ±2 dB 

Pulse Output Voltage: ±20 V pulses into 50-12 
load with 10% duty cycle. Larger duty cycles 
may be used at lower output levels. 

Rise and Fall Times: Less than (50 ns on all transi¬ 
tions with a 50-12 load und selector switch set 
for 50-12 impedance. 

Sine- Wave Amplifier: Power output into 50- and 
93-12 loads is at least 2.5 VV (3% distortion 
typical); into 000-12 load, at least 1.5 VV (distor¬ 
tion, 1.5% typical). 

Frequency Response: Down less than it dB at 
20 e s and 5 Me s with 50- and 93-12 loads; 
20 c 8 and 1.5 Me s with G00-12 load. 

Dc Level: Dc baseline of pulses and centerline 
of sine waves can be moved at least ±1.5 V. 
dc with 50-12 loads, and more with higher 
impedance loads. 

Input Impedance: Adjustable from 50 to 1050 12» 
shunted by approx 45 pF. 

Power Consumption: -f-150 V at 150 mA, max; 

150 V at 150 mA, max; G.3 V, r»0 e s, 2.2 A; 
6.3 V, GO c.'s, 1.9 A. 



Accessories Supplied: Four patch cords one 
each Types 274-LMB. 274-LMR. 274-LSB. 
and 274-LSR. two insulated plugs, one each 
Types 274-DB1 and 274-DB2. 

Net Weight: 2 lb (1 kg). 

Shipping Weight: 5 lb (2.3 kg). 

TYPE 1395-P6 WORD GENERATOR 

INPUT 

Pulse Repetition Frequency: l >e to 2.5 Mc/B, 
externally controlled by Type 1395-PI FRF 
Unit (or similar unit). 

Trigger-Pulse Requirements: 10- to 20-V positive- 
going pulses of 75- to 150-i»8 duration Square 
waves can Ik* used above 10 ke s; sine waves, 
above 500 kc/s. 

Impedance: 100 to GOO 12, depending upon 
trigger amplitude. 

OUTPUTS 

Word Out: 10- to 20-V positive-going pulses 
of 75- to 150-ns duration. Output impedance 
approx 150 12. but termination in 500 to 1000 12 
i9 recommended. 

Pattern: Set by front-panel switches. Choice of 
l(3-bit or 14-bit capacity by rear-panel switch. 
One can achieve capacities other than 14 and 
1G by modification of internal wiring. Inter¬ 
connection of up to seven units provided by the 
Type 1395-A Main Frame. 

Oscilloscope Sync: Rectangular pulse of 2-V min 
amplitude and duration equal to period of 
driving-signal prf. Occurs approx 50 ns before 
the Switch §\ output pu-lse. wdiether or not the 
switch is on. 

GENERAL 

Power Consumption: +15 Y f at 5 niA; G.3 V, 
GO c/s, 0.8 A. 

Accessories Supplied: Five patoh cords one 
each Types 274-LSB, 274-LSR, 274-LMB, 
274-LMR, and 274-LLR; two insulated plugs 
one each Types 274-DB1 and 274-DB2. 

Net Weight: 2 1 j lb (1.2 kg) 

Shipping Weight: 5 1 •? lb (2.5 kg). 

TYPE 1395-P7 SKELETON FRAME 

A blank module suitable for mounting the 
components of a user-designed circuit. 
Dimensions: Width 2 l /g, height 8*-^, depth 5 in 
(55, 220, 130 mm), over-all. 

Net Weight: U lb (0.3 kg). 

Shipping Weight: 3 , o lb (l.G kg). 


Catalog 

Number 

Description 

Price 
in USA 

1395-9801 

Type 1395-A Modulor Pulse Generator, Bench Model 

$500.00 

1395-9811 

Type 1395-A Modular Pulse Generator, Rack Model 

500.00 

1395-9601 

Type 1395-PI PRF Unit 

150.00 

1395-9602 

Type 1395-P2 Pulse/Delay Unit 

165.00 

1395-9603 

Type 1395-P3 Pulse Shaper 

375.00 

1395-9604 

Type 1395-P4 Power Amplifier 

250.00 

J 395-9606 

Type 1395-P6 Word Generator 

400.00 

1393-9607 

Type 1395-P7 Skeleton Frame 

12.00 
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Figure 1. Panel view of the Type 1I62-AR7C Coherent Decade Frequency Synthesizer 
with programmable decades. See complete listing of models on page 24. 


REMOTE PROGRAMMING FOR GR SYNTHESIZERS 


When the first two GR synthesizers 
were described in the September 
1964 issue, provision for remote fre¬ 
quency selection was mentioned only 
briefly. The RDI-1 Remote Digit-Inser¬ 
tion Unit is now in production and is 
described in this article. One of the 
outstanding characteristics of the GR 
synthesizers is their modular design. 
This permits initial choice of resolution 
to satisfy a particular need while 
retaining full flexibility for future 
expansion. In a logical extension of 
the modular concept, remote pro¬ 
gramming is offered now as an option. 



Figure 2. View of fhe Type 1160-RDI-1 Digit- 
Insertion Unit. The filter and matrix plug can be 
seen projecting from the rear. 


The Type 1160-RDI-l Digit-Inser¬ 
tion Unit (Figure 2), together with its 
filter and matrix plug and remote 
cabling, brings to the GR synthesizer 
line complete or partial remote fre¬ 
quency programming at the user’s 
option. The IlDI-l can be used in all 
digit stations in the Type 1161-Aand 
Type 1162-A Synthesizers, and in all 
but the i-Mc station in the Type 
1163-A. In all cases, it is directly and 
quickly interchangeable with the DI-1 
unit. Control can easily be transferred 
digit by digit from remote to manual, 
lending additional flexibility. 

During the development of the GR 
synthesizers, it became apparent that 
these generators, by their very nature, 
are more readily programmed than are 
conventional signal sources. While a 
necessity in certain applications, a 
programming capability obviously adds 
to the price and complexity of the in¬ 
strument for users not requiring it 
Hence, remote programming is offered 
as an option. 

In the design of the plug-in Digit- 
Insertion Units, space was provided 
for the additional elements necessary 
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(n X0.1) 

Figure 3. Block diagram of the RDM Remote Digit-Insertion Unit. 


for remote operation. It was also con¬ 
sidered desirable that a programmable 
module be capable of manual operation. 
Taking full advantage of the unique 
packaging of the DI units, the RDI-1 
is so designed that it uses a maximum 
of common parts with the Dl-1. The 
RDI-1 dial has the usual ten positions, 
0 to 9, and an 11th position marked k, 
in which frequency selection is made 
by contact closure on the remote 
wires. If the dial is moved from the i< 
position, the manual selection overrides 
the remotely programmed information. 

As can be seen in the block diagram 
in Figure 3, selection of a digit in the 
RDI-1 is accomplished by the change of 
frequency in the so-called digit oscilla¬ 
tor, which for each setting is locked to 
a “picket fence” of standard frequen¬ 


cies from 3.0 to 3.9 Mc/s in 10()-kc 
steps. Capacitors in the digit-oscillator 
circuit are switched by low-loss, rf-type 
reed relays. The reed driver coils are 
energized from the internal supply but 
can also be operated from an ex tenia 1 
supply. To select a particular digit, one 
has merely to establish connection be¬ 
tween the designated digit wire and 
the common wire. 

The reed relays are directly asso¬ 
ciated with the rf circuitry in the digit 
oscillator, and capacitive coupling ex¬ 
ists to the driver coils. To reduce rf 
voltages on the remote wiring, an 
internal two-section filter is used, which 
reduces the rf level to approximately 
50 fiV. In addition, the cable supplied 
has a grounded shield to prevent rfi. 
The components of this filter are housed 
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GENERAL RADIO EXPERIMENTER 


in a small, separate, plug-in shield 
engaging a connector that protrudes 
from the rear of the RDI (Figure 2). 
This filter plug also contains the diode 
matrix that converts from an internal 
biquinary code to a 10-line code. 
The unit can be remotely programmed 
in either code; the filter plug is nor¬ 
mally wired for IO-line. but removal 
of one jumper wire converts it to 
the biquinary code. In the latter mode 
of operation, the digit 9 is produced 
with no external closures; 8, 7, (i, 5 
are selected by connection of the 
appropriate wire to the common wire. 
The lower digits 4, 3, 2, 1,0 are ob¬ 
tained with the same closures used 
already for the higher digits but with 
the additional closure of a range (or 
shift) wire to common. The 8 wire pro¬ 
duces digit 3 when connected to com¬ 
mon, 7 selects digit 2, and so on. 
In the 10-line mode, where one wire 
corresponds to each digit, the digit 9 is 
also selected with no closures. The 12 
leads in the cable supplied are the 
maximum needed (10-line with external 
power). 

A device is suitable for direct connec¬ 
tion to the RDI-Ts if it provides either 



Figure 4. Oscillogram showing switching time 
(see text). 


mechanical or electrical contact closure 
in the 10-line or biquinary form and 
maintains continuous closure as long 
as a particular frequency setting is 
desired. If a transistor switch is used, 
voltage drop must not exceed 0.5 volt 
for currents from 2.5 to 9 mA. The in¬ 
ternal supply places the common lead 
at ground potential, whereas the open 
w r ires are at -4-18 volts with respect 
to ground. With an external supply 
of 18 volts, these potentials can be 
moved up to +50 and +32 volts (com¬ 
mon) and to —32 and —50 (common). 
Voltages inside this range are accept¬ 
able; 18 volts are required to operate 
the relays, and the common must be 
negative. I'or operation with external 
supply, two jumper wires are removed 
in the RDI-1. This should facilitate 



Figure 5. Rear view of the syntnesixer of Figure 1, showing plug-in filters and remote cabling. 
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direct tie-in with existing equipment, 
particularly with transistor-switch out¬ 
put. 

Many applications will require the 
programming of synthesizer frequen¬ 
cies by digital equipment in binary- 
coded decimals. Storage may In* called 
for if entry is in serial rather than in 
parallel form. Suitable conversion 
equipment is under consideration. 

The reed relays combine simplicity 
of circuitry with speed sufficient for 
most applications. Switching time is 
less than 2 milliseconds. This is the 
time interval between the external con¬ 
tact closure and the presence of the 


newly selected frequency. The actual 
transition from one frequency to an¬ 
other is appreciably faster as can lw 
seen in Figure 4, which shows a switch 
from 0,0924 kc/s to 2.0.051 kc/s. The 
heavy trace is the voltage across the 
external contact (of the first digit). 
The lower portion shows closed contact 
(0 volts) and the upper portion open 
contact. Time scale is 2 ms/em. 

The capability of fast, remote fre¬ 
quency selection adds another dimen¬ 
sion of versatility to the GH synthe¬ 
sizer line, thus opening up a new range 
of applications. 

G. H. Lohrkh 


SPECIFICATIONS 


Switching Speed: 2 H18 or ltt*. Net Weight: 1lb (0.7 kg). 

^ Code: 10-lim* nr biquinary (contact closure) Instrument specifications of the Typjcs lltil-A, 

Power: Internal supply, provision for external 1162-A, and !lt>H-A remain unchanged if 

supply 18 V, 9 mA. RDT-l’s are substituted for 1)1-1 units. 


Catalog 


Price 

Number 

Description 

in USA 

1160-9479 

Type 1160-RDI-1 Digit-Insertion Unit (Remote or 
manual control), including Filter Plug 

$535.00 


Soli! only ns replacement* or to Jill out partially equipp'd synthesizers. 


HOOK-UP CABLE FOR RDM 


A special. 12-conductor, shielded 
cable is recommended for connection 
of the 12-pin filter-plug to remote 
equipment. One 50-foot roll of cable is 
furnished with each synthesizer con¬ 


taining an RDM unit Out is not sup¬ 
plied with an individually purchased 
RDI-I. Additional 50-foot lengths can 
l>e ordered separately. 

Net Weight: 2 1 j lb (1.2 kg; 


Catalog 


Price 

Number 

Description 

in USA 

1160-9650 

Hook-Up Cable for RDI-1, 50 feet 

$15.00 
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GENERAL RADIO EXPERIMENTER 


COMPLETE SYNTHESIZERS FOR PROGRAMMABLE OPERATION ^ 

The Type: 1101-A (0 to 1(K) kc/s) with RDI units. For synthesizer speoi- 
and Type: 11 62- A (0 to I Mr/s) Syn- fieutions, see the Experimenter for 
thesizors are now available equipped September 1964. 


TYPE 1162-A COHERENT DECADE FREQUENCY SYNTHESIZER 0 to 1 Mc/s 


( 'ala toy 

X umber 

Type 

L’niU Included 

CalibraU 

Decades 

Only 

sd Digit* 

Decades 
-f- CAD • 

Smallest Step 
( Digits Only - 

Price 
in I S A 

1162-9527 

1162-AR7C 

7 RDI Units + CAD 

7 

9 

0.1 c/s 

$6195.00 

1162-9526 

1162-AR6C 

6 RDI Units + CAD 

6 

8 

1 c/s 

5670.00 

1162-9525 

1162-AR5C 

5 RDI Units + CAD 

5 

7 

10 c/s 

5145.00 

1162-9524 

1162-AR4C 

4 RDI Units + CAD 

4 

6 

100 c/s 

4620.00 

1162-9523 

1162-AR3C 

3 RDI Units -f CAD 

3 

5 

1 kc/s 

4095.00 

1162-9507 

1162-AR7 

7 RDI Units 

7 


0.1 c/s 

5695.00 

1162-9506 

1162-AR6 

6 RDI Units 

6 


1 C/s 

5170.00 

1162-9505 

1162-AR5 

5 RDI Units 

5 


10 c/s 

4645.00 

1162-9504 

1162-AR4 

4 RDI Units 

4 


100 c/s 

4120.00 

1162-9503 

1162-AR3 

3 RDI Units 

3 


1 kc/s 

3595.00 


TYPE 1161 -A COHERENT DECADE FREQUENCY SYNTHESIZER 0 to 100 kc/s 


< 'dialog 
Number 

Type 

l nits Included 

Calibrated Digits 

Decades Decades 
Only -f CAD* 

Smallest Step 
{Digits Only) 1 

Price 
in I’SA 

1161-9527 

1161-AR7C 

7 RDI Units -f- CAD 

7 

9 

0.01 e/s 

$6055.00 

1161-9526 

1161-AR6C 

6 RDI Units 4 CAD 

6 

8 

0.1 c/s 

5530.00 

1161-9525 

1161-AR5C 

5 RDI Units 4* CAD 

5 

7 

1.0 c/s 

5005.00 

1161-9524 

1161-AR4C 

4 RDI Units 4- CAD 

4 

6 

10 c/s 

4480.00 

1161-9523 

1161-AR3C 

3 RDI Units 4 CAD 

3 

5 

100 c/t 

3955.00 

1161-9507 

1161-AR7 

7 RDI Units 

7 


0.01 c/s 

5555.00 

1161-9506 

1161-AR6 

6 RDI Units 

6 


0.1 c/s 

5030.00 

1161-9505 

1161-AR5 

5 RDI Units 

5 


1.0 «/s 

4505.00 

1161-9504 

1161-AR4 

4 RDI Units 

4 


10 c/s 

3980.00 

1161-9503 

1161-AR3 

3 RDI Units 

3 


100 c/t 

3455.00 


• Ibrect reading If ('AD is calibrated in terms of the step dncadt*. at least one more tujcniticanl tifpir* can be added. 
U. S. Patent No. 2.548.-157. Patents applied for. 


NEW GRO REPRESENTATIVE FOR NORWAY 


We announce the appointment of 
the Norwegian firm of Gustav A. Ring 
A/S as exclusive General Radio Com¬ 
pany (Overseas) representative for Nor¬ 
way, succeeding the firm of Maskin- 
AktieseLskapet Zeta, who have repre¬ 
sented us in that country since 1948. 
Effective in February , 196/i, Gustav A. 
Ring A/S took over these responsibil¬ 
ities, and is now directly serving our 


customers in Norway with competent 
technical assistance. 

All inquiries, whether technical or 
commercial, concerning General Radio 
products should be addressed to: 

Gustav A. Ring A/S 
80 rkedalsveien 33 
Oslo 3, Norway 

Tel 46 68 90 • Telex 0234 • G A RING 
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